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FRQYHQWLRQDO FRPEXVWLRQ HQJLQH ZLWK SRZHUWUDLQ FRPSRQHQWV OLNH WXUERFKDUJLQJ GHYLFHV HOHFWULFDO
SURSXOVLRQ FRPSRQHQWV DQGGHGLFDWHG H[KDXVW DIWHUWUHDWPHQW GHYLFHV$Q HIILFLHQW GHYHORSPHQWSURFHVV
VKRXOG WKXVDGGUHVVERWK WKHGHYHORSPHQWDQGRSWLPL]DWLRQRI WKH LQGLYLGXDOFRPSRQHQWVDQGDOVR WKHLU
LQWHJUDWLRQ RQ WKH V\VWHP HQJLQHHULQJ OHYHO '\QDPLF LQWHUDFWLRQV DPRQJ YDULRXV FRPSRQHQWV WKHLU
PXOWLGLVFLSOLQDU\ QDWXUH DQG WKHLU GLIIHUHQW FKDUDFWHULVWLF UHVSRQVH WLPHV DGGLWLRQDOO\ LQFUHDVH WKH
FRPSOH[LW\RIWKHV\VWHPDQDO\VHV
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7KHDSSOLFDWLRQRIV\VWHPOHYHOVLPXODWLRQVLVWKHUHIRUHLQGLVSHQVDEOHVHH*VFKZHLWOHVSHFLDOO\
GXULQJ WKH HDUO\ FRQFHSW GHVLJQ SKDVH WR HIILFLHQWO\ VXSSRUW DQDO\VLV RI D ODUJH QXPEHU RI V\VWHP
WRSRORJLHV DQG FRQILJXUDWLRQV7R HIILFLHQWO\ VXSSRUW WKH GHYHORSPHQW GXULQJ HDUO\ FRQFHSW DQG GHVLJQ
SKDVHV LW LV UHTXLUHG WKDW VLPXODWLRQPRGHOV IHDWXUH D KLJK OHYHO RI SUHGLFWDELOLW\ DW ORZ FRPSXWDWLRQDO
H[SHQVHV(VSHFLDOO\WKHSUHGLFWDELOLW\VWURQJO\LQIOXHQFHVWKHSRWHQWLDORIV\VWHPVLPXODWLRQVWRVXSSRUW
WKHGHYHORSPHQWRISRZHUWUDLQVLQYHU\HDUO\GHYHORSPHQWVWDJHVZKHUHPHDVXUHPHQWVDUHQRW\HWIXOO\
DYDLODEOH+HUHSK\VLFDOO\EDVHGPRGHOVHQVXUHDKLJKUHOLDELOLW\RIUHVXOWVZKHQRSWLPL]LQJSRZHUWUDLQV
VLQFHDPHFKDQLVWLFPRGHOLQJDSSURDFKHVHQDEOHDGHTXDWH UHVSRQVHWRFKDQJHGSDUDPHWHUVRILQGLYLGXDO
FRPSRQHQWVDQGDGHTXDWHLQWHUDFWLRQEHWZHHQWKHFRPSRQHQWVRQWKHV\VWHPOHYHO
0RGHOLQJ RI K\EULG SRZHUWUDLQV RQ D V\VWHP HQJLQHHULQJ OHYHO FRYHUV VHYHUDO GLIIHUHQW SK\VLFDO
GRPDLQV WKH YHKLFOH GULYHWUDLQ HOHFWULFDO FLUFXLW WKH HQJLQH LQFOXGLQJ H[KDXVW DIWHUWUHDWPHQW DQG WKH
FRROLQJV\VWHP3DUWLFXODUGRPDLQVRUFRPELQDWLRQVRIGRPDLQVZHUHDOUHDG\LQWHQVLYHO\LQYHVWLJDWHGLQ
OLWHUDWXUH XVLQJ D EURDG YDULHW\ RI PRGHOV UHDFKLQJ IURP FRXUVH PDSEDVHG DSSURDFKHV WR PRUH
GLPHQVLRQDO W\SLFDOO\ QRQUHDOWLPH VLPXODWLRQV $ EULHI UHYLHZ RQ UHFHQW V\VWHP OHYHO SXEOLFDWLRQV
VKRZV LQFUHDVLQJ LQWHUHVW LQ DVVHVVLQJ QRW RQO\ SHUIRUPDQFH DQG IXHO FRQVXPSWLRQ EXW DOVR LQ JLYLQJ
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HVWLPDWHVRQWDLOSLSHHPLVVLRQVIRU+(9VDQG3+(9V3OXJLQ+\EULG(OHFWULFDO9HKLFOHZKLFKLPSRVHV
DGGLWLRQDOFRPSOH[LW\FRPSDUHGWRWKHV\VWHPOHYHODQDO\VHVRIFRQYHQWLRQDOYHKLFOHVVHH/HHDQG)LOLSL
6LPSVRQHWDO/LQGHQNDPSHWDO6PLWKHWDODQG*DRHWDO2QH
FRPPRQDSSURDFKRIDOOFLWHGVWXGLHVLVWKDWWKH\GRQRWUHO\RQPHFKDQLVWLFHQJLQHPRGHOV7KLVQHHGVWR
EHFRQVLGHUHGZKHQDVVHVVLQJ WKHPRGHODFFXUDF\GXULQJ WUDQVLHQWGULYLQJFRQGLWLRQV WKHSUHGLFWDELOLW\
ZKHQLQYHVWLJDWLQJGLIIHUHQWFRQWUROVWUDWHJLHVDQGSDUWLFXODUO\ZKHQVFDOLQJVSHFLILFFRPSRQHQWV
7KHDSSOLFDWLRQRISUHGLFWLYHDSSURDFKHV VLJQLILFDQWO\ UHGXFHV WKH WLPHQHHGHG WR VHWXS WKHPRGHOV
VLQFHSRWHQWLDOO\RQO\DOLPLWHGQXPEHURISK\VLFDOO\EDVHGSDUDPHWHUVQHHGWREHDGMXVWHG7KLVUHGXFHV
WKHZRUNORDGFRPSDUHG WR WKH UHTXLUHGHIIRUW IRUGHYHORSLQJQRQPHFKDQLVWLFHQJLQHPRGHODSSURDFKHV
OLNHPDSVVHH%RODQGHWDO0LOORHWDORUVXUURJDWHPRGHOVVHHHJ,VHUPDQQDQG0OOHU
ZKLFKQHHGWREHUHSRSXODWHGRUUHWUDLQHGZKHQHYHUFKDQJHVLQWKHKDUGZDUHFRQILJXUDWLRQVDUH
SHUIRUPHG ,W DOVR QHHGV WR EH FRQVLGHUHG WKDW QRQPHFKDQLVWLF VXUURJDWH HQJLQHPRGHOV DUH JHQHUDOO\
YDOLG RQO\ ZLWKLQ WKH WUDLQHG GDWD UDQJH 0RUHRYHU VRSKLVWLFDWHG PHWKRGRORJLHV DQG VRXQG EDVLV RI
UHIHUHQFHGDWDDUHQHHGHGZKHQJHQHUDWLQJVXUURJDWHPRGHOVVHH'HUHJQDFRXUWDQG:XU]HQEHUJHU
FDSDEOH RI FRYHULQJ WUDQVLHQW HIIHFWV FDXVHG E\ WXUERODJJLQJ H[KDXVW JDV UHFLUFXODWLRQ DQG FROGVWDUW
+HUH K\EULGPRGHOV DUH RIWHQ DSSOLHG FRPELQLQJ VXUURJDWH F\OLQGHU DSSURDFKHV ZLWK D SK\VLFDO EDVHG
PHDQ YDOXH GHVFULSWLRQ RI WKH DLU SDWK7KH F\OLQGHUPRGHOV W\SLFDOO\ XVH 6WDWLF1HXUDO1HWZRUNV VHH
:LQVHOHWDO+HDQG/LQRU6XSSRUW9HFWRU0DFKLQHVVHH&DQRYDHWDO WUDLQHGRQ
H[SHULPHQWDOGDWDRUDKLJKILGHOLW\UHIHUHQFHPRGHO
7KHDSSOLFDWLRQRISXUHPHFKDQLVWLFHQJLQHDQGHYHQRYHUDOOV\VWHPPRGHOVLVDGYDQWDJHRXVVLQFHWKH\
LQKHUHQWO\ UHIOHFW WKH LPSDFW RI FKDQJHV LQ HQJLQH FRQWUROV DQG HQJLQH FRQILJXUDWLRQ RQ WKH WKHUPDO
EHKDYLRU RI WKH HQJLQH RQ WKH YDULDWLRQV LQ JDV VWDWH DQG FRPSRVLWLRQ DQG WXUERFKDUJHU ODJJLQJ LI D
WXUERFKDUJHU LV LQFOXGHG0RUHRYHU PHFKDQLVWLF HQJLQHF\OLQGHU PRGHOV DUH FDSDEOH RI HYDOXDWLQJ WKH
DFWXDOLQF\OLQGHUDLUIXHOUDWLRRQDPHFKDQLVWLFEDVLVZKLFKLVDPDMRUEHQHILWFRPSDUHGWRWKHSXUHPDS
EDVHG HQJLQHRXWOHW HPLVVLRQPRGHOV7KXV DPHFKDQLVWLFPRGHOLQJ DSSURDFK HQDEOHV DPRUH DGHTXDWH
PRGHOLQJRIHQJLQHSHUIRUPDQFHIXHOFRQVXPSWLRQSROOXWDQWSURGXFWLRQDQGH[KDXVWDIWHUWUHDWPHQW
+RZHYHU VROYLQJ DOO GRPDLQV ZLWK XQLTXH WLPH VWHSSLQJ WKDW LV GLFWDWHG E\ WKH GRPDLQ ZLWK WKH
VKRUWHVWFKDUDFWHULVWLFUHVSRQVHWLPHZRXOGFHUWDLQO\QRWFRPSO\ZLWKWKHIDVWFRPSXWDWLRQDOWLPHVQHHGHG
LQV\VWHPOHYHOVLPXODWLRQV7KHUHIRUHDQRYHODSSURDFKUHO\LQJRQLQQRYDWLYHWLPHGRPDLQFRXSOLQJRI
LQGLYLGXDO VLPXODWLRQ GRPDLQV LV SUHVHQWHG LQ WKH SDSHU 7KH DSSURDFK LV EDVHG RQ WDLORUHG VROYHU
WHFKQRORJLHVWDNLQJLQWRDFFRXQWGLIIHUHQWWLPHVFDOHVRIGLIIHUHQWGRPDLQV6XFKDQDSSURDFKLVFUXFLDOWR
FRPSO\ZLWKWKHW\SLFDOO\FRQWUDGLFWRU\JRDOVRQQXPHULFDOHIILFLHQF\DQGKLJKILGHOLW\RIWKHPHFKDQLVWLF
EDVHGPRGHOV6LQFHWKHFKDUDFWHULVWLFWLPHVFDOHVRIDOODGGUHVVHGGRPDLQVGLIIHUVLJQLILFDQWO\WKHRYHUDOO
V\VWHPPDWUL[LVVWLIIDVGLVFXVVHGE\3IDXHWDO7KHUHIRUHDVHOHFWLYHDQGLQQRYDWLYHFRXSOLQJRI
LQGLYLGXDO VLPXODWLRQGRPDLQV LV QHHGHG WRRSWLPL]H WKH FRPSXWDWLRQDO H[SHQVHVZKLOHSUHVHUYLQJKLJK
ILGHOLW\RIWKHUHVXOWV
,Q RUGHU WR KLJKOLJKW WKH FRPSOH[ LQWHUDFWLRQ EHWZHHQ WKH LQWHUQDO FRPEXVWLRQ HQJLQH H[KDXVW
DIWHUWUHDWPHQW FRROLQJ GULYHOLQH HOHFWULFDO QHWZRUN DQG FRQWUROV WKH SUHVHQWZRUN DLPV WR DQDO\]H WKH
SHUIRUPDQFHDQGHPLVVLRQVRIDQ+(9LQFRPSDULVRQWRDFRQYHQWLRQDOSRZHUWUDLQGXULQJWUDQVLHQW8UEDQ
'ULYH&\FOH8'&%RWKLQYHVWLJDWHGSRZHUWUDLQVDUHSRZHUHGRQFHE\WXUERFKDUJHG6,6SDUN,JQLWHG
DQGRQFHE\ WXUERFKDUJHG&, &RPSUHVVLRQ ,JQLWHG GLUHFW LQMHFWLRQ HQJLQHV ,Q WKLV FRQWH[W WKH FURVV
LQIOXHQFHV EHWZHHQ FRQWURO VWUDWHJLHV WXUERFKDUJLQJ HQJLQH KHDWLQJ DQG FDWDO\VW FRQYHUVLRQ DUH
LQYHVWLJDWHGLQWKHOLJKWRIHQHUJ\FRQVXPSWLRQDQGH[KDXVWHPLVVLRQV$OODQDO\VHVDUHSHUIRUPHGE\D
UHDOWLPH FDSDEOH V\VWHP HQJLQHHULQJ VLPXODWLRQ SDFNDJH$9/%226757  DQG$9/&58,6(
%RWKWRROVDUHEDVHGRQRQHVLQJOHVRIWZDUHIUDPHZRUNDQGVROYHUWHFKQRORJ\DOORZLQJVLPXODWLQJ
V\VWHPHQJLQHHULQJPRGHOVLQDPRVWFRXSOHGPDQQHUZLWKRXWSHUIRUPLQJDQ\NLQGRIFRVLPXODWLRQ
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0RGHO
7KHVFKHPDWLFVRIWKHFRQYHQWLRQDOYHKLFOHDQG+(9PRGHOVDQDO\]HGLQWKHSUHVHQWVWXG\DUHVKRZQ
LQ )LJXUH  7KHPRGHO RI WKH WXUERFKDUJHG &, HQJLQH ZLWK LQGLFDWHG GRPDLQV LV VKRZQ LQ D VHSDUDWH
)LJXUH  WR SUHVHUYH UHDGDELOLW\ RI WKH ILJXUHV 7KH WXUERFKDUJHG 6, HQJLQH IHDWXUHV D VLPLODU DLU SDWK
WRSRORJ\ DV WKH&, HQJLQH ZKHUHDV LW GRHV QRW IHDWXUH WKH H[KDXVW JDV UHFLUFXODWLRQ OLQH 7KH H[KDXVW
DIWHUWUHDWPHQWV\VWHPVRIWKHODPEGDFRQWUROOHG6,FRPSULVHVDVWDQGDUG7:&7KUHH:D\&DWDO\VWDQG
WKHRQHRIWKHOHDQRSHUDWHG&,HQJLQHFRPSULVHVDFRPSUHKHQVLYHDVVHPEO\RID'2&'LHVHO2[LGDWLRQ
&DWDO\VW '3) 'LHVHO 3DUWLFXODWH )LOWHU DQG XUHD 6&5 6HOHFWLYH &DWDO\WLF 5HGXFWLRQ FRQYHUWHU $OO
FRQWUROPRGHOV DUH ILUVW EXLOW LQ 6LPXOLQN DUH WKHQ H[SRUWHG YLD5HDO7LPH:RUN6KRS DQG DUH ILQDOO\
G\QDPLFDOO\OLQNHGWRWKHHQJLQHDQGWKH+(9GULYHWUDLQPRGHOUHVSHFWLYHO\

 
)LJ  6FKHPDWLFV RI WKH D +(9 DQG E FRQYHQWLRQDO YHKLFOH PRGHOV DQDO\]HG LQ WKH SUHVHQW VWXG\ ZLWK
LQGLFDWHG GRPDLQV \HOORZ ± PHFKDQLFDO V\VWHP EOXH ± HOHFWULFDO V\VWHP JUH\ ± H[WHUQDO 0DWODE6LPXOLQN +(9
FRQWUROOHUDQGUHG±LQWHUQDOFRPEXVWLRQHQJLQHVKRZQLQ)LJXUH
'ULYHOLQH6\VWHP
7KHYHKLFOHDQGWKHGULYHOLQHFDQEHVHHQDVDPHFKDQLFDOPXOWLERG\V\VWHPUHSUHVHQWHGPDLQO\E\WKH
URWDWLRQDOGHJUHHRIIUHHGRP$FFRUGLQJWR3IDXHWDOVXFKV\VWHPVFDQEHUHSUHVHQWHGE\

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ZKHUH 0 LV WKH GLDJRQDO PDVV PDWUL[ DQG Ǻ UHSUHVHQWV WKH DFWLQJ RI PRPHQWXPV EHWZHHQ WKH
FRPSRQHQWV DQG RQ WKH FRPSRQHQWV& GHVFULEHV FRQVWUDLQWV EHWZHHQ WKH PHFKDQLFDO SDUWV DQG ' 
FRYHUV WKH UHODWLRQ EHWZHHQ WKH PRPHQWXPV 7KH DFFHOHUDWLRQV RI WKH LQGLYLGXDO FRPSRQHQWV DUH
UHSUHVHQWHGE\D P GHVFULEHVWKHPRPHQWXPVLQWKHV\VWHP Ĳ FRPSULVHVDOOPRPHQWXPVFDOFXODWHGLQ
WKHLQGLYLGXDOFRPSRQHQWVZKLFKDFWVRQWKHPHFKDQLFV\VWHPDVZHOODVORVVHV
(OHFWULFDO6\VWHP
,QK\EULGHOHFWULFSRZHUWUDLQVWKHHOHFWULFDODQGPHFKDQLFDOV\VWHPVDUHVWURQJO\FRXSOHGVHH)LJXUH
+RZHYHUW\SLFDOO\HOHFWULFDOV\VWHPUHVSRQGVPXFKIDVWHUFRPSDUHGWRWKHPHFKDQLFDOV\VWHP3IDX
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HWDO)ROORZLQJ.LUFKRII¶VODZDQGWKHERQGJUDSKDSSURDFKDOOFXUUHQWV,LQWKHQRGHVVXPXSWR
]HUR$VGLVFXVVHGE\3IDXHWDOWKHDSSOLHGHOHFWULFV\VWHPFRQVLVWVRIUHVLVWRUVDQGFDSDFLWLHVWKDW
W\SLFDOO\GHSHQGRQFXUUHQWYROWDJHEXWDOVRRQWKHPHFKDQLFDOVWDWHRIDWWDFKHGPHFKDQLFDOFRPSRQHQWV
2QWKHV\VWHPOHYHOLQGXFWLYLWLHVPLJKWEHQHJOHFWHG3IDXHWDOZKLFKHQDEOHVE\LQWURGXFLQJWKH
YROWDJHDVDQDGGLWLRQDOYDULDEOHWRUHIRUPXODWHWKHJRYHUQLQJHTXDWLRQVRIWKHHOHFWULFV\VWHPWR\LHOGDQ
LQGH[RIRQH3IDXHWDO
7KHFKDUDFWHULVWLFVRIWKHJHQHUDWRUDQGHPDFKLQHDUHPRGHOHGE\WKHHIILFLHQF\RUWKHSRZHUORVVDQG
PD[LPXPWRUTXHZKLFKW\SLFDOO\GHSHQGRQGLIIHUHQWDVSHFWVRIWKHVWDWHRIWKHPDFKLQH7KHHIILFLHQFLHV
RUSRZHUORVVHVDUHJLYHQLQPDSVDVDIXQFWLRQRIURWDWLRQDOVSHHGDQGWRUTXH7KHLQSXWGDWDDUHWDNHQ
IURP VSHFLILFDWLRQ VKHHWV RI WKH HOHFWULF PDFKLQHV 7KH EDWWHU\ LV PRGHOHG DV DQ LGHDO YROWDJH VRXUFH
GHSHQGLQJRQWKHDFWXDO62&6WDWH2I&KDUJHSRVVLEOHDGGLWLRQDOGHSHQGHQF\DQGDQHTXLYDOHQWFLUFXLW
RIUHVLVWDQFHVDQGFDSDFLWLHV7KHHTXLYDOHQWFLUFXLWPRGHOVWKHGLIIHUHQWHOHFWULFDOORVVHVRIWKHEDWWHU\,Q
WKHDQDO\]HGFDVHWKH1L0+EDWWHU\PRGXOHIHDWXUHVDQRPLQDOYROWDJHRI9DQGSURYLGHVDPD[LPXP
FKDUJH RI $K 7KH EDWWHU\ SDFN LV DVVHPEOHG RI  LQGLYLGXDO PRGXOHV FRQQHFWHG LQ VHULHV
FRQILJXUDWLRQ
)LJ7RSRORJ\RIWKH&,HQJLQHPRGHOZLWKWKHH[KDXVWDIWHUWUHDWPHQWZLWKLQGLFDWHGGRPDLQVDQGGLIIHUHQWWUDQVIHU
SDWKV F\DQ ± JDV SDWK RI WKH HQJLQH GDUN EOXH ± IXHOOLQJ JUH\ ± PHFKDQLFDO SDUW UHG FURVVHG ± KHDW WUDQVIHU
IXQFWLRQDOLW\JUHHQ±OLTXLGFRROLQJFLUFXLWVOLJKWEOXH±H[KDXVWDIWHUWUHDWPHQWUHG±YHKLFOHPRGHOVKRZQLQ)LJXUH

(QJLQH
7KH HQJLQH PRGHO XVHG LQ WKH SUHVHQW VWXG\ GHVFULEHV WKH WUDQVSRUW RI PDVV HQHUJ\ DQG VSHFLHV
WKURXJK W\SLFDO HQJLQH FRPSRQHQWV VXFK DV DLU FOHDQHU FRPSUHVVRU LQWHUFRROHU WKURWWOH YDOYH 6,
HQJLQH F\OLQGHU WXUELQH DQG FDWDO\VW ,QWHUQDO FRPEXVWLRQ HQJLQHV )LJXUH  W\SLFDOO\ IHDWXUH WKUHH
GLIIHUHQWFKDUDFWHULVWLFWLPHVFDOHV7KHVKRUWHVWWLPHVFDOHLVDVVRFLDWHGZLWKWKHLQF\OLQGHUSKHQRPHQD
ZDYHG\QDPLFVLQWKHHQJLQHPDQLIROGDQGWRUTXHRVFLOODWLRQVDWWKHHQJLQHVKDIW$ODUJHUWLPHVFDOHLV
DVVRFLDWHG ZLWK ILOOLQJ DQG HPSW\LQJ WKH HQJLQH PDQLIROGV GXULQJ WUDQVLHQW RSHUDWLRQ RI WXUERFKDUJHG
HQJLQHVRUGXULQJFKDQJHGWKURWWOHSRVLWLRQ7KLUGWKHODUJHVWWLPHVFDOHLVJLYHQE\WKHWKHUPDOUHVSRQVH
RIWKHHQJLQH
0RGHOLQJ RI WKH FRPSOHWH HQJLQH FRQVLGHULQJ WKH VKRUWHVW WLPH VFDOH ZRXOG FHUWDLQO\ OHDG WR WKH
KLJKHVWDFFXUDF\RI WKHUHVXOWV+RZHYHUGHVSLWH WKHFRQYLQFLQJSK\VLFDOGHSWKRI WKH'JDVG\QDPLF
PRGHOVWKHVHVLPXODWLRQVVHH5HJQHUHWDOW\SLFDOO\VXIIHUIURPUDWKHUORQJFRPSXWDWLRQDOWLPHV
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,QWKHSUHVHQWVWXG\WKHFRPSOHWHK\EULGYHKLFOHPRGHOFRQVLGHULQJDOOGRPDLQVWDUJHWVWRUXQFORVHWR
RUHYHQIDVWHUWKDQUHDOWLPH7RDFKLHYHWKHUHTXLUHGFRPSXWDWLRQDOSHUIRUPDQFHWDUJHWWKHHQJLQHPRGHO
ZDV VXEMHFWHG WR VHYHUDO RSWLPL]DWLRQ PHDVXUHV VXFK DV FRGH RSWLPL]DWLRQ DQG WDLORUHG PRGHO GHSWK
UHGXFWLRQ7KHHQJLQHPRGHOWKHUHIRUHFRQVLVWVRIDFUDQNDQJOHUHVROYHGF\OLQGHUPRGHOHPEHGGHGLQD
PHDQ YDOXH EDVHG JDV SDWK GHVFULSWLRQ )LJXUH  )RU HQJLQHV WKDW GR QRW H[KLELW VLJQLILFDQW
HQKDQFHPHQWVRIYROXPHWULFHIILFLHQF\GXHWRZDYHG\QDPLFVLWLVDFFHSWDEOHWRQHJOHFWLQJWKHVHHIIHFWV
VHH +UDXGD HW DO  7KH DSSOLFDELOLW\ RI WKH FKRVHQ DSSURDFK IRU WKH DQDO\]HG HQJLQHV LV DOVR
FRQILUPHGLQWKHUHVXOWVRIWKHSUHVHQWZRUN$VGLVFHUQDEOHIURP)LJXUHWKHPHDQYDOXHPRGHOFRYHUV
WKHLQWHUDFWLRQRIWKHJDVSDWKZLWKWKHWXUERFKDUJHUG\QDPLFVDQGDOVRGHVFULEHV(*5RQDPHFKDQLVWLF
EDVLV7KLVLVFUXFLDOIRUVLPXODWLQJWUDQVLHQWHQJLQHRSHUDWLRQVHH:XU]HQEHUJHUHWDO
7RHQVXUHDKLJKOHYHORISUHGLFWDELOLW\DQGDFFXUDF\GXULQJWUDQVLHQWHQJLQHVLPXODWLRQVLWLVQHFHVVDU\
WRPRGHO WKH F\OLQGHUZLWKPHFKDQLVWLFPRGHOV RQ D FUDQN DQJOH EDVLV VHH:XU]HQEHUJHU HW DO 
7KHUHE\LQF\OLQGHUKHDWDQGPDVVWUDQVIHUDVZHOODVFRPEXVWLRQSKHQRPHQDDUHPRGHOHGRQD
SK\VLFDO EDVLV ZKLFK LV EHQHILFLDO IRU FDSWXULQJ WUDQVLHQW UHVXOWV ZLWK DQ DSSURSULDWH DFFXUDF\ 7KH
F\OLQGHULVGHVFULEHGE\VWDWHRIDUWVLQJOHDQGWZR]RQHPRGHOVVHH:XU]HQEHUJHUHWDOD7KH&,
HQJLQH LQF\OLQGHU FRPEXVWLRQ LV PRGHOHG E\ 52+5 WDEOHV JLYHQ DW  GLIIHUHQW HQJLQH RSHUDWLQJ
FRQGLWLRQ VHH:XU]HQEHUJHUHW DO7KH52+5WDEOHVDUHGHULYHG IURP LQGLFDWLQJPHDVXUHPHQWV
XVLQJ WKH RQOLQH*DV ([FKDQJH DQG &RPEXVWLRQ $QDO\VLV WRRO *&$ VHH /HLIHUW HW DO  7KH 6,
HQJLQHLQF\OLQGHUFRPEXVWLRQLVPRGHOHGE\WKH9LEHPRGHOZKHUHWKHYDULDWLRQRI9LEHSDUDPHWHUVDW
GLIIHUHQWHQJLQHRSHUDWLRQFRQGLWLRQVLVDJDLQGHULYHGIURPWKHLQGLFDWLQJPHDVXUHPHQWV
2QHRIWKHDLPVLQWKLVDQDO\VLVLVDOVRWRDSSURSULDWHO\GHVFULEHDQGFRPSDUHHQJLQHRXWOHWDQGWDLOSLSH
HPLVVLRQVRIWKHYHKLFOHGXULQJWUDQVLHQWOHJLVODWLRQF\FOHV,QWHUPVRIPRGHOLQJHQJLQHRXWOHWHPLVVLRQV
WKHHYDOXDWLRQRIWKHDFWXDOLQF\OLQGHUDLUIXHOUDWLRVRQWKHPHFKDQLVWLFEDVLVLVRQHRIWKHPDMRUEHQHILWV
RI WKHFUDQNDQJOHF\OLQGHUDSSURDFKFRPSDUHG WRSXUHO\RSHUDWLQJPDSEDVHGHPLVVLRQPRGHOV ,Q WKLV
VWXG\WZRDSSURDFKHVDUHSXUVXHGWRDQDO\]HDQGYDOLGDWHGLIIHUHQWHPLVVLRQPRGHOLQJDSSURDFKHV,QWKH
&, HQJLQH PRGHO WKH WZR ]RQH DSSURDFK HQDEOHV HYDOXDWLRQ RI D EXUQHG ]RQH WHPSHUDWXUH ZKLFK LV
WRJHWKHUZLWKVSHFLHVFRQFHQWUDWLRQVDQGWKHSUHVVXUHXVHGWRPRGHONLQHWLFDOO\GULYHQ12[&2DQGVRRW
IRUPDWLRQZKHUHDVLQWKLVVWXG\VSHFLDOHPSKDVLVLVSXWWRWKH12[HPLVVLRQV'XHWRWKHIDFWWKDWDODUJH
QXPEHURIH[SHULPHQWDOGDWD LVDYDLODEOH IRU WKHHPLVVLRQVRI WKH6,HQJLQH LW LV LQWHQGHG WRGHYHORSD
PRGHOWDNLQJDGYDQWDJHRIWKHH[WHQVLYHH[SHULPHQWDOGDWDSRRODQGVLPXOWDQHRXVO\XVLQJWKHEHQHILWVRI
WKH FUDQN DQJOH F\OLQGHU PRGHO 7KHUHIRUH WKH H[SHULPHQWDO GDWD DUH XVHG WR HVWDEOLVK FRUUHODWLRQV
EHWZHHQHPLVVLRQVDQGRWKHUWKHUPRG\QDPLFDQGFRPEXVWLRQSDUDPHWHUVLQFOXGLQJDQDGHTXDWHUHVSRQVH
WR DLUIXHO UDWLR YDULDWLRQV 7KH FRQVLGHUHG HPLVVLRQV DUH FDUERQ PRQR[LGH K\GURFDUERQV DQG QLWULF
R[LGHVZKLFKDUHRIVSHFLDOLPSRUWDQFHLQVWRLFKLRPHWULFDOO\RSHUDWHGHQJLQHV
0HDQYDOXHJDVSDWKPRGHOVW\SLFDOO\OLQNVRFDOOHGVWRUDJHDQGWUDQVIHUFRPSRQHQWVLQDQDOWHUQDWLQJ
PDQQHU 7KLV DSSURDFK IROORZV WKH DFDXVDO QRW VLJQDO RULHQWHG ERQGJUDSK WKHRU\ DV SUHVHQWHG E\
:XU]HQEHUJHUHWDODE
&DWDO\WLF&RQYHUWHUV
7UDQVLHQW 'PRGHOV FDQ EH VHHQ DV D UHDVRQDEOH FRPSURPLVH WR GHVFULEH ZLWK VXIILFLHQW DFFXUDF\
VLQJOH FDWDO\VWV RU DOVR HQWLUH H[KDXVW OLQHV VHH )LJXUH  7KH SUHVHQW VWXG\ DSSOLHV VXFK D JHQHULF
WUDQVLHQW ' DSSURDFK ZKHUH WKH FKRVHQ FRQYHUVLRQ DQG VWRUDJH UHDFWLRQ PHFKDQLVP DUH VHOHFWHG WR
UHSUHVHQWHLWKHUD7:&XVHGWRJHWKHUZLWKWKHVWRLFKLRPHWULFDOO\RSHUDWHG6,HQJLQHRUWRPRGHOD'2&
'3)6&5V\VWHPWRJHWKHUZLWKWKHOHDQRSHUDWHG&,HQJLQH
:LWKLQ WKH ERQGJUDSK FRQFHSW WKH FDWDO\VW FDQ EH VHHQ DV D K\EULG FRPSRQHQW FRPELQLQJ
FKDUDFWHULVWLFVRIERWKWUDQVIHUDQGVWRUDJHFRPSRQHQWV7KHIORZWKURXJKWKHFDWDO\VWFDQEHFDWHJRUL]HG
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DV WUDQVIHU FKDUDFWHULVWLFV 7KH D[LDO YDULDWLRQ RI VSHFLHV FRPSRVLWLRQ GXH WR FRQYHUVLRQ UHDFWLRQV LV
FRQVLGHUHGZLWKWKHKHOSRID'ILQLWHYROXPHGLVFUHWL]DWLRQ7KHWKHUPDOLQHUWLDRIWKHFDWDO\VWVXEVWUDWH
DQG WKH VXUIDFH UHDFWLRQV ZLWK SRVVLEOH VWRUDJH UHDFWLRQ PHFKDQLVP FDQ EH FDWHJRUL]HG DV VWRUDJH
FKDUDFWHULVWLFV 7KHPRGHO HTXDWLRQV GHVFULEHG LQ GHWDLO LQ:XU]HQEHUJHU HW DO D E 
FRYHU WKH EDVH HIIHFWV RI FRQYHFWLRQ LQ WKH JDV SKDVH KHDW FRQGXFWLRQ LQ WKH VXEVWUDWH DQG KHDWPDVV
WUDQVIHUEHWZHHQWKHWZRSKDVHV
&RROLQJ&LUFXLW
,Q SRZHUWUDLQ FRQILJXUDWLRQV KHDW LV H[FKDQJHG ZLWKLQ WKH VROLG VWUXFWXUH YLD KHDW FRQGXFWLRQ DQG
EHWZHHQ VROLG ZDOOV DQG DQ\ IOXLG YLD KHDW WUDQVIHU )LJXUH  )ROORZLQJ WKH DFDXVDO ERQGJUDSK
PRGHOLQJ DSSURDFK KHDW WUDQVIHU QHWZRUNV FDQ EH GHVFULEHG E\ OXPSHG VROLG PDVV HOHPHQWV XVLQJ
WHPSHUDWXUHDVVWDWHYDULDEOHDQGKHDWWUDQVIHUHOHPHQWVUHWXUQLQJKHDWIORZV
&KDUDFWHULVWLF WLPHVRI WKH WHPSHUDWXUH FKDQJHVRI WKH OXPSHG VROLGPDVV HOHPHQWV DUHPXFK ODUJHU
FRPSDUHGWRWKHLQWHJUDWLRQWLPHVWHSVRIWKHPHFKDQLFDOQHWZRUN7KHDGYDQWDJHRIWKLVGLIIHUHQFHFDQ
IXUWKHUEHXWLOL]HGZKHQRSWLPL]LQJRYHUDOOFRPSXWDWLRQDOSHUIRUPDQFHE\GHFRXSOLQJWKHHTXDWLRQVRIWKH
GLIIHUHQWGRPDLQVE\SK\VLFDODQGWKHUHIRUHZHOOGHILQHGFRQVLGHUDWLRQV
&RXSOHG2YHUDOO6\VWHP
7KHGLIIHUHQWGRPDLQVGHVFULEHGDERYHDUHPRGHOHGE\HTXDWLRQVUHSUHVHQWLQJGLIIHUHQWFKDUDFWHULVWLFV
)RUDQHIILFLHQWDQGFRXSOHGVROXWLRQWKH\FDQEHWUDQVIRUPHGLQWRDVLPLODUIRUP7KXVWKHVHFRQGRUGHU
PHFKDQLFDO V\VWHP LV WUDQVIRUPHG LQWR D ILUVW RUGHU V\VWHP RI GRXEOHG VL]H 7KH JDV SDWK HTXDWLRQV
DOUHDG\ IRUP WKH V\VWHP RI WKH ILUVW RUGHU 2'(V 7KHPHFKDQLFDO V\VWHP W\SLFDOO\ IHDWXUHV DGGLWLRQDO
OLQHDUFRQVWUDLQWVZKLFKFDQEHVXEVWLWXWHGLQWRWKHV\VWHP$GGLWLRQDOUHPDLQLQJFRQVWUDLQVDUHJLYHQE\
WKHHOHFWULFDOFLUFXLWV
$OO GLIIHUHQW VWDWHV FDQ EH PHUJHG LQWR D FRPPRQ VWDWH YHFWRU RI XQNQRZQV [  ,WV WLPH GHULYDWH
PXOWLSOLHGZLWKWKHV\VWHPPDWUL[6 HTXDOVDULJKWKDQGVLGHIXQFWLRQGHSHQGLQJRQ [ DQGWLPH W 7KLV
FRXSOHGV\VWHPRI2'(VDVLWLVFRPELQHGZLWKDOJHEUDLFFRQVWUDLQIXQFWLRQV [J OHDGVWRDQRYHUDOO
VHPLLPSOLFLW'LIIHUHQWLDO$OJHEUDLF(TXDWLRQ'$(V\VWHP

 
ZKHUHWKHV\VWHPPDWUL[6 PD\DGGLWLRQDOO\GHSHQGRQWKHVWDWH [ $QHIILFLHQWVROXWLRQRIWKHRYHUDOO
V\VWHPLVPDGHSRVVLEOHE\WKHQRYHODSSURDFKUHO\LQJRQLQQRYDWLYHWLPHGRPDLQFRXSOLQJRILQGLYLGXDO
VLPXODWLRQGRPDLQV7KHDSSURDFKLVEDVHGRQWDLORUHGVROYHUWHFKQRORJLHVDVGLVFXVVHGLQWKHIROORZLQJ
'XH WR WKH VSHFLDO QDWXUH RI WKH HOHFWULFDO V\VWHP WKH LQGH[ RI WKH RYHUDOO '$( V\VWHP LV RQH 7R
RSWLPL]HWKHVROXWLRQSURFHGXUHRIVXFKPRGHOLWLVWKXVEHQHILFLDOWRVROYHILUVWIRUWKHPHFKDQLFDOV\VWHP
DQG WKHQ IRU WKH HOHFWULFDO V\VWHP DVVXPLQJ D IUR]HQ PHFKDQLFDO VWDWH 3IDX HW DO  7KLV WLPH
LQWHJUDWLRQ VWHS FDQ EH VHHQ DV D PL[HG GLVFUHWL]DWLRQ ZKHUH WKH PHFKDQLFDO YDULDEOHV DUH GLVFUHWL]HG
H[SOLFLWO\DQGWKHHOHFWULFDOYDULDEOHVDUHGLVFUHWL]HGLPSOLFLWO\
7KHHQJLQHPRGHOFRQVLVWVRIDFUDQNDQJOHUHVROYHGF\OLQGHUPRGHOHPEHGGHGLQDPHDQYDOXHEDVHG
JDVSDWKGHVFULSWLRQDVGLVFHUQLEOHIURP)LJXUH6XFKDQDSSURDFKHQDEOHVDQDGHTXDWHLQWHUDFWLRQRIWKH
F\OLQGHUZLWKWKHLQWDNHDQGH[KDXVWPDQLIROGVLQFHWKHH[FKDQJHRIPDVVDQGHQWKDOS\IORZVLVEDVHGRQ

G
G
[J
W[IW
[
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WKHSK\VLFDOPRGHOV6LPLODUO\WKHKHDWWUDQVIHUGXHWRZDOOKHDWORVVHVDQGWKHPDVVWUDQVIHUGXHWRIXHO
LQMHFWLRQDUHDOVRPRGHOHGRQWKHFUDQNDQJOHEDVLV7KLVLVEHQHILFLDOIRUWKHDFFXUDF\RIWUDQVLHQWUHVXOWV
VLQFH YDULDWLRQV LQ WHPSHUDWXUH RI WKH VROLG VWUXFWXUH DQG DUELWUDU\ LQMHFWLRQ VWUDWHJLHV DUH DGHTXDWHO\
FDSWXUHG'XHWRWKHIDFWWKDWF\OLQGHUVDUHFDOFXODWHGLQDGLIIHUHQWWLPHGRPDLQWKDQWKHRWKHUHQJLQHDLU
SDWK FRPSRQHQWV F\FOH DYHUDJHG IOX[HV DUH H[FKDQJH ZLWK WKH VXUURXQGLQJ 7KHVH IOX[HV QHHG WR EH
HYDOXDWHGLQWKHFRPSRQHQWVGLUHFWO\DWWDFKHGWRWKHF\OLQGHUPDUNHGE\WKHEODFNUHFWDQJOHLQ)LJXUH
EDVHGRQ WKHFUDQNDQJOH UHVROYHGGDWD7KHUHE\DFRQVLVWHQWH[FKDQJHRI IORZV LVHQVXUHG LQGLIIHUHQW
WLPH GRPDLQV 6\VWHP OHYHO VLPXODWLRQV W\SLFDOO\ DLP WR RSWLPL]H YHKLFOH SHUIRUPDQFH DQG HPLVVLRQV
7KXVVXFKV\VWHPDQDO\VHVGRQRWFRYHUYLEUDWLRQDOPRGHVRI WKHGULYH WUDLQHQDEOLQJ WKHH[FKDQJHRI
GDWDEHWZHHQ WKH HQJLQH DQG WKHPHFKDQLFDO V\VWHPHLWKHUZLWK WKH IUHTXHQF\RI WKH LQWHJUDWLRQRI WKH
PHFKDQLFDOV\VWHPRUHYHQZLWKWKHIUHTXHQF\RIHQJLQHF\FOHV
&KHPLFDO UHDFWLRQV WDNLQJ SODFH LQ FDWDO\VWV W\SLFDOO\ IHDWXUH DQ $UUKHQLXV W\SH H[SRQHQWLDO
WHPSHUDWXUHGHSHQGHQF\7KHUHIRUHDGDSWLYHVWHSVL]HVROYHUWHFKQLTXHVDUHRIWHQPDQGDWRU\WRHIILFLHQWO\
VROYH WKH EDODQFH HTXDWLRQV RI FDWDO\WLF FRQYHUWHUV ,Q WKH SUHVHQW DSSURDFK WKH JDV SDWK DQG FDWDO\WLF
VXUIDFHUHDFWLRQHTXDWLRQVDUHQRWVROYHGLQDIXOO\FRXSOHGPDQQHUZLWKWKHJRDOWRRSWLPL]HWKHRYHUDOO
FRPSXWDWLRQDO SHUIRUPDQFH ,QVWHDG DQ LQGHSHQGHQW WLPH GRPDLQ RI WKH FDWDO\WLF VROYHU DOORZV
GHSHQGLQJRQWKHSUREOHPHLWKHUVPDOOHURUHYHQELJJHULQWHJUDWLRQWLPHVWHSVFRPSDUHGWRWKHJDVSDWK
VROYHU
7KH FKDUDFWHULVWLF WLPH VFDOH UHODWHG WR WKH WKHUPDO LQHUWLD RI WKH VROLG VWUXFWXUH LV JHQHUDOO\ PXFK
ODUJHU FRPSDUHG WR WKH LQWHJUDWLRQ WLPH VWHSV RI RWKHU GRPDLQV 7KHUHIRUH WKH HOHPHQWV RI WKH VROLG
VWUXFWXUH UHSUHVHQWV QXPHULFDOO\ VWDEOH LQWHUDFWLQJ HOHPHQWV WR FRXSOH KHDW IOX[HV IURP GLIIHUHQW WLPH
GRPDLQVWRWKHVHHOHPHQWV
7KH QRYHO QXPHULFDO FRXSOLQJ DSSURDFK HQDEOHV YHU\ WLPH HIILFLHQWPHFKDQLVWLF EDVHG V\VWHP OHYHO
VLPXODWLRQ RI WKH YHKLFOHV VLQFH LW LQKHUHQWO\ FRQVLGHUV WKH FKDUDFWHULVWLF UHVSRQVH WLPHV RI GLIIHUHQW
GRPDLQV7KHRYHUDOOUHDOWLPHIDFWRUPHDVXUHGIRUDQRIIOLQH8'&VLPXODWLRQRQDVWDQGDUG3&LVLQWKH
UDQJHRIIRUWKHFRQYHQWLRQDODQGIRUWKHK\EULGSRZHUWUDLQ5HDOWLPHIDFWRUVGHFUHDVHEHORZ
LIFKHPLFDO UHDFWLRQV LQ WKHFDWDO\VWVDUHQRWFRQVLGHUHG0RUHRYHU WKHSUHVHQWDSSURDFKDOVRHQDEOHVD
KLJK OHYHO RI DFFXUDF\ DQG SUHGLFWDELOLW\ VLQFH LW DOORZV WKH LQFRUSRUDWLRQ RI PXOWLSOH PHFKDQLVWLF
FRPSRQHQWPRGHOVLQDFRPPRQV\VWHPOHYHOPRGHO7KHFDSDELOLW\RIWKHRYHUDOOYHKLFOHDQGSRZHUWUDLQ
PRGHO WR DGHTXDWHO\ VLPXODWH WUDQVLHQW YHKLFOH RSHUDWLRQZDV SUHVHQWHG LQ:XU]HQEHUJHU HW DO 
FRPSDULQJFKDVVLVG\QDPRPHWHUPHDVXUHPHQWVWRVLPXODWHGUHVXOWVRIDFRQYHQWLRQDOYHKLFOHSRZHUHGE\
DQLQWHUQDOFRPEXVWLRQDQGHTXLSSHGZLWKDVSHHGPDQXDOWUDQVPLVVLRQ
5HVXOWV
9DOLGDWLRQRIWKH(QJLQH0RGHO
,Q WKH SUHVHQW VWXG\ WZR HQJLQH PRGHOV DUH XVHG )LUVW D IRXU F\OLQGHUV  OLWHU KLJK VSHHG GLUHFW
LQMHFWLRQ WXUERFKDUJHG GLHVHO HQJLQHZLWK (*5 VHH )LJXUH  GHQRWHG WKH&, HQJLQH LV LQYHVWLJDWHG
6HFRQGDIRXUF\OLQGHUVOLWHUWXUERFKDUJHGGLUHFWLQMHFWLRQJDVROLQHHQJLQHGHQRWHGWKH6,HQJLQHLV
VLPXODWHG7KH&,HQJLQHLVFRQWUROOHGE\WKHF\FOLFIXHOGHOLYHU\YDQHSRVLWLRQRIWKHYDULDEOHJHRPHWU\
WXUELQH DQG WKH (*5 UDWH 7KH 6, HQJLQH RSHUDWLRQ LV FRQWUROOHG E\ WKH SRVLWLRQ RI WKH WKURWWOH LQ WKH
LQWDNH E\ WKH SRVLWLRQ RI WKH WXUELQH ZDVWHJDWH E\ WKH F\FOLF IXHO GHOLYHU\ DQG WKH LQMHFWLRQ SURILOH
7KHVHDFWXDWRUYDOXHVDUHFRQWUROOHGE\WKH(&8(QJLQH&RQWURO8QLWZKLFKXVHVWKHLQSXWGDWDWKDWDUH
EDVHGRQ WKHH[SHULPHQWDO YDOXHVPHDVXUHG IRUDZLGH UDQJHRISDUDPHWHUYDULDWLRQV7KH&,HQJLQH LV
HTXLSSHGE\D'2&IHDWXULQJ&36,DQG OLWHUD'3)IHDWXULQJ&36,DQG OLWHUDQGDXUHD
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GRVLQJXQLWDQGD6&5IHDWXULQJ&36,DQGOLWHU7KHVLPXODWLRQVZHUHVWDUWHGZLWKDQHPSW\'3)
7KH6,HQJLQHLVHTXLSSHGE\D7:&IHDWXULQJ&36,DQGOLWHU

    
)LJ9DOLGDWLRQRIWKH&,HQJLQHPRGHO   )LJ9DOLGDWLRQRIWKH6,HQJLQHPRGHO
$FRPSUHKHQVLYHYDOLGDWLRQRIWKH&,HQJLQHPRGHOLVSUHVHQWHGLQ:XU]HQEHUJHUHWDOD
E WKHUHIRUH RQO\ WKH YDOLGDWLRQ RI EDVLF HQJLQH SDUDPHWHUV LV SUHVHQWHG KHUH )LJXUH  VKRZV WKH
FDSDELOLW\RIWKHPRGHOWRDFFXUDWHO\SUHGLFWHQJLQHSHUIRUPDQFHDQGHIILFLHQF\RUHTXLYDOHQWO\VSHFLILF
IXHOFRQVXPSWLRQDWIXOOORDG)LJXUHDDQGE)RUWKHSXUSRVHRIWKLVVWXG\LWLVDOVRYHU\LPSRUWDQW
WKDWWKHHQJLQHPRGHOFRQVLVWLQJRIWKHFUDQNDQJOHF\OLQGHUPRGHOHPEHGGHGLQWKHPHDQYDOXHJDVSDWK
PRGHOLVFDSDEOHWRSUHGLFWYROXPHWULFHIILFLHQF\ZLWKDSSURSULDWHO\KLJKDFFXUDF\)LJXUHF7KLVLV
DGYDQWDJHRXV LQ WHUPVRI WKH WUDQVLHQWHQJLQHSHUIRUPDQFHPRGHOLQJDQGHYHQPRUH LPSRUWDQWO\ LQ WKH
FRQWH[WRIVWHDG\VWDWHDQGWUDQVLHQWHQJLQHRXWHPLVVLRQPRGHOLQJ7KHYDOLGDWLRQRIWKHHQJLQHRXW12[
HPLVVLRQV DQG RI WKH SHUIRUPDQFH RI WKH FRUUHVSRQGLQJ DIWHUWUHDWPHQW GHYLFHV LV VXPPDUL]HG LQ
:XU]HQEHUJHUHWDODE
7KHFRPSUHKHQVLYHYDOLGDWLRQRIWKH6,HQJLQHPRGHOLVSUHVHQWHGLQWKH:XU]HQEHUJHUHWDO
WKHUHIRUH RQO\ YDOLGDWLRQ RI EDVLF HQJLQH SDUDPHWHUV LV SUHVHQWHG LQ WKLV VWXG\ )LJXUH  VKRZV WKH
FRPSDULVRQRIPHDVXUHGDQGVLPXODWHGYDOXHVRI%0(3%UDNH0HDQ(IIHFWLYH3UHVVXUHERRVWSUHVVXUH
DQG H[KDXVW WHPSHUDWXUH7KHYDOLGDWLRQRI WKH6, HQJLQHPRGHO HQJLQHZDVSHUIRUPHG DW HLJKW HQJLQH
VSHHGVIURPUSPWRUSPZLWKORDGVLJQDOYDULDWLRQVZKHUHDV)LJXUHVKRZVORDGYDULDWLRQIRU
WKUHHVHOHFWHGHQJLQHVSHHGV9HU\JRRGDJUHHPHQWRIPHDVXUHGDQGVLPXODWHG%0(3YDOXHV)LJXUH
DDWLGHQWLFDOIXHOLQMHFWLRQLQGLFDWHVDGHTXDWHYDOXHVRIWKHHIIHFWLYHHIILFLHQF\RIWKHHQJLQH,WLVDOVR
YHU\ LPSRUWDQW WKDWPHDVXUHG DQG VLPXODWHG ERRVW SUHVVXUH YDOXHV DJUHH ZHOO )LJXUH  E VLQFH WKLV
LQGLFDWHV JRRG DJUHHPHQW RI PHDVXUHG DQG VLPXODWHG YROXPHWULF HIILFLHQF\ 7KLV LV FUXFLDO IRU DQ
DGHTXDWH VLPXODWLRQ RI WUDQVLHQW HQJLQH SHUIRUPDQFH *RRG DJUHHPHQW RI WKH ERRVW SUHVVXUH LV DOVR
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LQIOXHQFHGE\DGHTXDWHPRGHOLQJRIWKHFRPSUHVVRUWXUELQHDQGWKHWKHUPRG\QDPLFVWDWHLQWKHH[KDXVW
PDQLIROG,QDGGLWLRQJRRGDJUHHPHQWLQH[KDXVWWHPSHUDWXUH)LJXUHFDOVRLQGLFDWHVDGHTXDF\RIWKH
F\OLQGHU PRGHO DQG RI WKH PRGHO RI KHDW ORVVHV 7KH YDOLGDWLRQ RI WKH 7:& PRGHO LV DOVR JLYHQ LQ
:XU]HQEHUJHUHWDO

 
)LJ9HKLFOHDQGHQJLQHSDUDPHWHUVIRUWKH8'&
'ULYH&\FOH3RZHUWUDLQ3HUIRUPDQFH5HVXOWV
7KH RYHUDOO V\VWHP HQJLQHHULQJ PRGHO LV XVHG WR FRPSDUH WKH WZR SRZHUWUDLQV WRSRORJLHV ERWK
SRZHUHG E\ WZR GLIIHUHQW HQJLQHV GXULQJ D WUDQVLHQW GULYH F\FOH 7KLV DQDO\VLV GRHV QRW WDUJHW WR IXOO\
RSWLPL]HSHUIRUPDQFHDQGHPLVVLRQVRIWKHFRQVLGHUHGYHKLFOHFRQILJXUDWLRQVEXWWRVKRZWKHLQWHUDFWLRQ
RIWKHGRPDLQVDVWKH\DUHGHVFULEHGE\WKHPHFKDQLVWLFV\VWHPHQJLQHHULQJPRGHOV7KXVWKHFRQWUROOHU
RI WKH HQJLQH DQG RI WKH FRPSOHWH K\EULG YHKLFOH LV VLPSOLILHG +RZHYHU WKH\ VWLOO HQVXUH DGHTXDWH
YHKLFOHEHKDYLRUDQGSHUIRUPDQFHDQGDGHTXDWHRSHUDWLQJUHJLPHVRISRZHUWUDLQFRPSRQHQWV
7KHVLPXODWLRQVRIWKHK\EULGHOHFWULFYHKLFOHDUHEDVHGRQD7R\RWD3ULXVPRGHO)LJXUHD
7KHPRGHO XVHV UHDOLVWLF GDWD RI WKH YHKLFOH WLUHV RI WKHPHFKDQLFDO GULYHOLQH FRPSRQHQWV DQG RI WKH
HOHFWULFFRPSRQHQWV)RUWKHSXUSRVHRIWKHSUHVHQWHGDQDO\VLVWKHRULJLQDOJDVROLQHHQJLQHLVUHSODFHGE\
WKHWXUERFKDUJHG&,DQG6,HQJLQHVSUHVHQWHGLQWKHSUHYLRXVVHFWLRQ7KLVLVGRQHWRH[SRVHWKHFRPSOH[
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LQWHUDFWLRQEHWZHHQG\QDPLFDOO\LQWHUDFWLQJGRPDLQVZKLFKKLJKOLJKWVWKHDSSOLFDELOLW\DQGYHUVDWLOLW\RI
V\VWHPOHYHOVLPXODWLRQVIHDWXULQJWKHPHFKDQLVWLFPRGHOLQJGHSWK
5HVXOWV RI WKH K\EULG HOHFWULF YHKLFOH ZHUH FRPSDUHG DJDLQVW UHVXOWV RI FRQYHQWLRQDO YHKLFOH
FRQILJXUDWLRQVSRZHUHGE\WKHVDPHHQJLQHV7RHQDEOHDYDOLGFRPSDULVRQEHWZHHQ WKHK\EULGDQGWKH
FRQYHQWLRQDOYHKLFOHDYHKLFOHPRGHOIHDWXULQJWKHVDPHJHRPHWULFFKDUDFWHULVWLFVDQGWLUHVZDVXVHGIRU
DOOVLPXODWLRQV+RZHYHUWKHPDVVRIWKHFRQYHQWLRQDOYHKLFOHLVNJOHVVWKDQWKHPDVVRIWKHK\EULG
YHKLFOH WRDFFRXQW IRU WKHPDVVRIHOHFWULFFRPSRQHQWV7KHFRQYHQWLRQDOYHKLFOH LVHTXLSSHGZLWKD
VSHHG PDQXDO WUDQVPLVVLRQ LQ WKH FDVH RI WKH &, HQJLQH DQG ZLWK D VSHHG PDQXDO WUDQVPLVVLRQ WR
DGHTXDWHO\FRQVLGHUHQJLQHVSHHGUDQJHV
7KHUHVXOWVDUHVKRZQIRUWKH8'&'XHWRWKHIDFWWKDWIRUDFROGVWDUWRIWKHILUVW8'&WKHFDWDO\VWV
GRQRWIHDWXUHVLJQLILFDQWO\KLJKFRQYHUVLRQHIILFLHQF\IRUDOOYHKLFOHVVLQFHOLJKWRIIWHPSHUDWXUHLVQRW
\HW UHDFKHGDOOYHKLFOHVZHUHUXQIRU IRXUFRQVHFXWLYH8'&F\FOHV7KHUHVXOWVDUHVKRZQRQO\ IRU WKH
ODVW8'&WRSUHVHUYHUHDGDELOLW\RIWKHILJXUHV7KHK\EULGYHKLFOHLVRSHUDWHGZLWKWKHQHXWUDO62&RIWKH
EDWWHULHVGLIIHUHQFHLQ62&DWWKHHQGDQGDWWKHEHJLQQLQJRIWKHGULYHF\FOHOHVVWKDQ62&DQG
WKXVLWVIXHOFRQVXPSWLRQDGHTXDWHO\UHIOHFWVLWVHQHUJ\FRQVXPSWLRQ
,Q WKLV DQG LQ WKH IROORZLQJ VHFWLRQ WKH IROORZLQJ QRWDWLRQ LV DGRSWHG FRQY6, FRQYHQWLRQDO YHKLFOH
ZLWKWKH6,HQJLQH+(96,K\EULGYHKLFOHZLWKWKH6,HQJLQHFRQY&,FRQYHQWLRQDOYHKLFOHZLWKWKH&,
HQJLQH+(9&,K\EULGYHKLFOHZLWKWKH&,HQJLQH
)LJXUH  VKRZV YHKLFOH SHUIRUPDQFH RI DOO DQDO\]HG FRQILJXUDWLRQV GXULQJ WKH 8'& )LJXUH  D
FRQILUPV WKDW DOO FRQILJXUDWLRQV DGHTXDWHO\ IROORZ WKH 8'& YHORFLW\ WUDFH )URP )LJXUH  E LW LV
GLVFHUQDEOHWKDW LQERWKK\EULGYHKLFOHVWKHHQJLQHLV WXUQHGRQPDLQO\GXULQJYHKLFOHDFFHOHUDWLRQVDQG
WKXV IRU DPXFK VKRUWHU SHULRG RI WLPH FRPSDUHG WR WKH FRQYHQWLRQDO YHKLFOH0RUHRYHU LQ WKH K\EULG
YHKLFOHV WKH HQJLQH LV FRXSOHG WR WKH ZKHHOV RYHU D SODQHWDU\ JHDU ER[ WKDW DOORZV GHFRXSOLQJ RI WKH
HQJLQH DQG WKH YHKLFOH VSHHG'XH WR WKLV DQG GXH WR DYDLODELOLW\ RI HOHFWULFPDFKLQHV LW LV SRVVLEOH WR
RSHUDWHWKHHQJLQHLQWKH+(9DWKLJKHU%0(3YDOXHV)LJXUHFDQGWKXVDWKLJKHUHIILFLHQFLHV)LJXUH
G$VDUHVXOWWKH+(9VFRQVXPHOHVVIXHOWKDQWKHFRQYHQWLRQDOYHKLFOHVZLWKWKHVDPHHQJLQHW\SH
)LJXUHH,WFDQEHREVHUYHGWKDWWKHHQJLQHRSHUDWLRQLQERWKFRQYHQWLRQDOYHKLFOHVLVFKDUDFWHUL]HG
E\ORZHQJLQHORDGVDQGWKXVORZ%0(3GXULQJVWHDG\VWDWHFUXLVLQJDWUHODWLYHO\ORZYHKLFOHVSHHG7KLV
OHDGVWRORZHIIHFWLYHHIILFLHQF\RIWKHHQJLQHEHLQJWKHPDLQUHDVRQIRUWKHKLJKHUIXHOFRQVXPSWLRQRI
WKHSDUWLFXODUHQJLQHLQWKHFRQYHQWLRQDOYHKLFOHFRPSDUHGWR+(9
$ XVHIXO FRPSOHPHQWDU\ LQIRUPDWLRQ LV JLYHQ E\ WKH HIIHFWLYH ZRUN )LJXUH  I SURGXFHG E\ WKH
HQJLQHRYHUWKHHQWLUHF\FOHZKLOHSRZHULQJGLIIHUHQWYHKLFOHV7KHYDOXHVLQ)LJXUHIDUHREWDLQHGE\
LQWHJUDWLQJHQJLQHSRZHURYHUWKHHQWLUHF\FOHZKHUHDVRQO\QRQQHJDWLYHYDOXHVZHUHFRQVLGHUHG,WFDQ
EHREVHUYHGWKDWWKHHIIHFWLYHZRUNRIWKHHQJLQHLQWKH+(9LVODUJHUFRPSDUHGWRWKHHIIHFWLYHZRUNRI
WKHVDPHHQJLQHLQWKHFRQYHQWLRQDOYHKLFOH7KLVLVPDLQO\GXHWRWZRIDFWV)LUVWWKHK\EULGYHKLFOHKDV
ODUJHU PDVV DQG WKXV PRUH ZRUN LV QHHGHG IRU LWV SURSXOVLRQ 6HFRQG WKH WUDQVIRUPDWLRQ EHWZHHQ
PHFKDQLFDO DQG HOHFWULFDO HQHUJ\ DVZHOO DV WUDQVSRUW DQG VWRUDJH RI HOHFWULF HQHUJ\ LV DVVRFLDWHGZLWK
KLJKHU ORVVHV WKDQ WKH WUDQVSRUW RI SXUH PHFKDQLFDO HQHUJ\ ,I UHJHQHUDWLYH EUDNLQJ LV QRW FDSDEOH RI
FRPSHQVDWLQJIRUDOOWKHVHORVVHVDGGLWLRQDOHQHUJ\SURGXFHGE\WKHHQJLQHLVQHHGHGWRFRYHUIRUWKHVH
ORVVHV LI WKH K\EULG YHKLFOH LV RSHUDWHG ZLWK QHXWUDO 62& PRUH GHWDLOV RQ WKH HQHUJ\ FRQYHUVLRQ
SKHQRPHQDLQK\EULGHOHFWULFYHKLFOHFDQEHIRXQGLQ.DWUDVQLNDQG%DQMDFHWDO
'XHWRPHFKDQLVWLFEDVLVRIWKHPRGHOLWLVSRVVLEOHWRDQDO\]HWKHIXHOFRQVXPSWLRQDQGWKHHIIHFWLYH
ZRUNUHVXOWV LQPRUHGHWDLO)LUVWUHVXOWVRIERWKFRQYHQWLRQDOYHKLFOHVDUHFRPSDUHG$WILUVWVLJKWLW LV
VXUSULVLQJ WKDW WKH HIIHFWLYH ZRUNV RI &, DQG 6, HQJLQHV GLIIHU )LJXUH  I QRWH D EDFNZDUG IDFLQJ
PRGHO WKDW HYDOXDWHV SRZHU WUDFH RI WKH HQJLQH RXW RI WKH JLYHQ YHKLFOH YHORFLW\ SURILOHZRXOG SUHGLFW
LGHQWLFDO RU YHU\ VLPLODU YDOXHV LI URWDWLRQDO VSHHG GLIIHUHQFH RI WKH GULYHOLQH FRPSRQHQWV QRWDEO\
LQIOXHQFHWKHLUHIILFLHQFLHV7KHGLIIHUHQFHLQWKHHIIHFWLYHZRUNVLVFDXVHGE\WKHLQWHUDFWLRQRIWKHGULYHU
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PRGHO WKH(&8DQG WKH HQJLQH WRSRORJ\ DVZHOO DV E\ WKHPHFKDQLVWLFPRGHO EDVLV WKDW LV FDSDEOHRI
UHVSRQGLQJ WR WKHVH SDUDPHWHUV $W HQJLQH ORDGV FKDUDFWHULVWLF IRU WKH 8'& WKH 6, HQJLQH LV PDLQO\
FRQWUROOHGE\WKHSRVLWLRQRIWKHWKURWWOHLQWKHLQWDNHDQGE\WKHF\FOLFIXHOGHOLYHU\6LQFHLWLVLQWHQGHG
WRNHHS WKHDLU IXHO UDWLRFORVH WR WKH VWRLFKLRPHWULFYDOXH DW WKHVH ORDGV WKHHQJLQHSRZHU LV WRD ODUJH
H[WHQG GHWHUPLQHG E\ WKH DLU PDVV IORZ DQG WKXV E\ WKH SUHVVXUH LQ WKH LQWDNH PDQLIROG 7KH LQWDNH
PDQLIROGIHDWXUHVDILQLWHFDSDFLW\DQGWKHUHIRUHDFHUWDLQUHVSRQVHWLPHHODSVHVEHWZHHQWKHGULYHUORDG
VLJQDO DQG WKXV DOVR WKH WKURWWOH VLJQDO YDULDWLRQ DQG WKH UHTXLUHG SRZHU LQFUHDVH RI WKH HQJLQH ,WZDV
DOUHDG\ DGGUHVVHG DERYH WKDW VLPSOLILHG FRQWUROOHU PRGHOV ZHUH DSSOLHG LQ WKLV DQDO\VLV DQG DOVR WKH
GULYHU¶VUHVSRQVHVPLJKWEHEHWWHULQWKHUHDOZRUOGHPLVVLRQWHVWGULYH+RZHYHUH[DFWO\WKHQRQSHUIHFW
EHKDYLRU RI FRQWUROV UHYHDOV WKH SRWHQWLDOV RI WKH PHFKDQLVWLF PRGHOV WR DGHTXDWHO\ UHVSRQG WR WKHVH
FKDQJHV 7KLV LV IXUWKHUPRUH WKH EDVLV IRU D UHDVRQDEOH DSSOLFDWLRQ RI WKHPRGHO ZKHQ GHYHORSLQJ WKH
FRQWUROIXQFWLRQDOLWLHVLQWKHYLUWXDOHQYLURQPHQW'XHWRWKHDERYHPHQWLRQHGIDFWWKH6,HQJLQHUHVSRQGV
VOLJKWVORZHUZKHQVWDUWLQJWKHYHKLFOHIURPVWDQGVWLOODQGWKXVWKHGULYHLQFUHDVHVWKHORDGLQWKLVSHULRG
$VDUHVXOWVKDUSLQFUHDVHVFDQEHREVHUYHGLQHQJLQHWRUTXHFRUUHVSRQGVWRWKH%0(3)LJXUHFDQG
HQJLQHVSHHG)LJXUHEZKHQVWDUWLQJWKHYHKLFOHIURPVWDQGVWLOO$GGLWLRQDOO\LWFDQEHVHHQWKDWGXH
WR WKH VDPH UHDVRQ WKH %0(3 RI WKH 6, HQJLQH LV DOVR KLJKHU GXULQJ FHUWDLQ GHFHOHUDWLRQ SHULRGV DQG
GXULQJ FHUWDLQ WUDQVLWLRQV IURP GHFHOHUDWLRQ WR LGOLQJ ZKLFK UHVXOWV LQ KLJKHU HIIHFWLYHZRUN RI WKH 6,
HQJLQH
'ULYH&\FOH(PLVVLRQV5HVXOWV
,Q WKLV VHFWLRQ HQJLQHRXW HPLVVLRQV DQG HPLVVLRQ FRQYHUVLRQ LQ H[KDXVW DIWUHWUHDWPHQW GHYLFHV LV
FRPSDUHG IRU WKH SDUWLFXODU HQJLQH LH &, RU 6, HQJLQH ZKLOH SRZHULQJ FRQYHQWLRQDO DQG +(9
SRZHUWUDLQ7KHHPLVVLRQUHVXOWVFRUUHVSRQGWRWKHSHUIRUPDQFHUHVXOWVVKRZQLQWKHSUHYLRXVVHFWLRQ
7KHRSHUDWLRQRIWKHHQJLQHDWKLJKORDGVLVFOHDUO\IDYRUHGLIWKHIXHOHFRQRP\LVWKHPDLQREMHFWLYH
+RZHYHURSHUDWLQJWKHHQJLQHFRQVWDQWO\DWKLJKORDGVDVLVWKHFDVHIRUWKHHQJLQHLQ+(9&,)LJXUH
F UHVXOWV LQ YHU\ ORZ (*5 UDWHV )LJXUH  D VLQFH VXIILFLHQW DPRXQW RI R[\JHQ VKRXOG HQWHU WKH
F\OLQGHUV WRDOORZ IRUFRPSOHWHFRPEXVWLRQZKLFK LV UHTXLUHG WRNHHSVXIILFLHQWO\ ORZ VRRWHPLVVLRQV
)LJXUHDJLYHVWKHFRQFHQWUDWLRQRIWKHFRPEXVWLRQSURGXFWVLQWKHLQWDNHPDQLIROGZKHUHIRUWKHOHDQ
RSHUDWLQJHQJLQHVLWLVDOVRQHFHVVDU\WRFRQVLGHUWKHFRQFHQWUDWLRQRIWKHEXUQHGIXHO)LJXUHEVLQFH
LW UHSUHVHQWV WKHDYDLODEOHR[\JHQ LQ WKHH[KDXVWJDVHV'XH WR WKHRSHUDWLRQRI WKH+(9&,HQJLQHDW
KLJK ORDGV LHKLJKF\FOLF IXHOGHOLYHULHVDQGDW ORZ(*5UDWHV WKHWHPSHUDWXUHRIWKHEXUQHG]RQH LV
VLJQLILFDQWO\ODUJHUFRPSDUHGWR&,HQJLQHLQWKHFRQYHQWLRQDOYHKLFOH7KLVOHDGVWRVLJQLILFDQWO\KLJKHU
HQJLQHRXW12DQG12HPLVVLRQV)LJXUHIRIWKH+(9&,HQJLQHFRPSDUHGWRWKHFRQY&,HQJLQH
'XH WR WKH RSHUDWLRQ DW KLJKHU ORDGV WKH HQJLQH LQ WKH K\EULG YHKLFOH DOVR IHDWXUH KLJKHU H[KDXVW JDV
WHPSHUDWXUHV)LJXUHF
7KH'2&LV WKH ILUVWDIWHUWUHDWPHQWGHYLFHDQG LW WKXV IHDWXUHVKLJK WHPSHUDWXUHDOORZLQJVLJQLILFDQW
R[LGDWLRQRI12WR12)LJXUHGDQGH&RQYHUVLRQIURP12WR12LVPRUHSURQRXQFHGIRUWKH
K\EULGFDVHGXHWRKLJKHUH[KDXVWJDVWHPSHUDWXUHVKRZHYHUPROHFRQFHQWUDWLRQRIWKH12DWWKH'2&
RXWOHW H[FHHGV WKH PROH FRQFHQWUDWLRQ RI WKH 12 IRU ERWK YHKLFOHV 7KLV PLJKW RFFXU LQ WKH VSHFLILF
WHPSHUDWXUHZLQGRZDVSUHVHQWHGE\:XU]HQEHUJHUDQG:DQNHU7KH'2&RXWHPLVVLRQVLVYHU\
VLPLODUWR6&5LQOHWHPLVVLRQVDQGWKXVWKHVHUHVXOWVDUHQRWVKRZQWRSUHVHUYHUHDGDELOLW\RIWKHILJXUHV
7KH6&5LVPRGHOHGE\WKHFDOLEUDWHGPRGHOIHDWXULQJWKHVLPSOLILHGUHDFWLRQVFKHPHFRQVLVWLQJRI12
R[LGDWLRQDQG³IDVW6&5UHDFWLRQ´DVZHOODVRIDPPRQLDDGVRUSWLRQDQGGHVRUSWLRQUHDFWLRQVDVJLYHQLQ
:XU]HQEHUJHU HW DO  ,QPLJKW EH QRWHG WKDW IRU WKH FDVHZKHUH12 FRQFHQWUDWLRQ VLJQLILFDQWO\
H[FHHGV WKH12FRQFHQWUDWLRQ WKLV VLPSOLILHG VFKHPHPLJKWEHFRPH LQDFFXUDWH7KLVPLJKWEH WKHFDVH
VSHFLILFRSHUDWLQJSRLQWVRIWKH+(9±&,HQJLQH,WFDQEHREVHUYHGWKDW12LVYHU\HIILFLHQWO\UHPRYHG
3384   Tomaû Katraönik and Johann C. Wurzenberger /  Procedia - Social and Behavioral Sciences  48 ( 2012 )  3371 – 3388 
LQWKH6&5RIWKHERWKYHKLFOHVGXHWRDVXIILFLHQWO\KLJK6&5WHPSHUDWXUHKLJK12DQGVXIILFLHQW1+
FRQFHQWUDWLRQV8QOLNHLWFDQEHVHHQWKDWWKH+(9±&,YHKLFOHHPLWVDYHU\KLJKDPRXQWRI12ZKLFK
LVUHODWHGWRLWVKLJK6&5LQOHWFRQFHQWUDWLRQDQGSDUWLDO12R[LGDWLRQLQWKH6&57KHUHIRUHRYHUDOO12[
HPLVVLRQVDUHRQO\VOLJKWO\UHGXFHGE\WKHH[KDXVWDIWHUWUHDWPHQWOLQHRIWKH+(9'XHWRPXFKVPDOOHU
GLIIHUHQFHEHWZHHQ12DQG12FRQFHQWUDWLRQDWWKH6&5LQOHWWKHFRQYHQWLRQDOYHKLFOHIHDWXUHVKLJKHU
12 FRQYHUVLRQ RI WKH 6&5 DQG WKXV WKH H[KDXVW DIWHUWUHDWPHQW OLQH QRWDEO\ UHGXFHV RYHUDOO 12[
HPLVVLRQV 7KHVH UHVXOWV FOHDUO\ LQGLFDWH WKH QHHG WR RSWLPL]H SHUIRUPDQFH RI H[KDXVW DIWHUWUHDWPHQW
GHYLFHV LQ D FRXSOHG DSSURDFK WR WKH GHVLUHG HQJLQH RSHUDWLRQ E\ DGGLWLRQDOO\ FRQVLGHULQJ DGHTXDWH
SRVLWLRQVRIWKHGHYLFHV7KHODWWHUQDPHO\QRWDEO\LQIOXHQFHWKHWHPSHUDWXUHOHYHOV


)LJ&RPSDULVRQRIDFRPEXVWLRQSURGXFWVDQGEIXHOEXUQHGFRQFHQWUDWLRQVWRJHWKHUZLWKWKHFH[KDXVWJDV
WHPSHUDWXUHVDQGIHQJLQHRXW12HPLVVLRQVRIWKH&,HQJLQHLQWKHFRQYHQWLRQDOYHKLFOHDQGLQWKH+(9
&RPSDULVRQRIDFFXPXODWHG12DQG12HPLVVLRQVDWWKHLQOHWDQGRXWOHWRIFDWDO\WLFFRQYHUWHUVIRUWKH&,HQJLQHLQ
GFRQYHQWLRQDOYHKLFOHDQGH+(9
,Q WKH FDVH RI WKH 6, HQJLQH WKH LQF\OLQGHU DLUIXHO UDWLR HYHQ VWURQJHU LQIOXHQFHV WKH HQJLQHRXW
HPLVVLRQVFRPSDUHG WR WKH&,HQJLQH7KXVPRGHOLQJRI WKHDFWXDO LQF\OLQGHUDLUIXHO UDWLRSURYLGHVD
JRRGEDVLVIRUGHWHUPLQLQJHQJLQHRXWHPLVVLRQVRIWKH6,HQJLQH$VVKRZQ)LJXUHFLWLVFKDOOHQJLQJ
WRFRQWUROVWRLFKLRPHWULFDLUIXHOUDWLRVHVSHFLDOO\GXULQJWUDQVLHQWRSHUDWLRQ$VDUHVXOWWKHDLUIXHOUDWLR
IOXFWXDWHVDURXQGVWRLFKLRPHWULFFRQGLWLRQVHVSHFLDOO\GXULQJWUDQVLHQWHQJLQHRSHUDWLRQ)LJXUHF7KH
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H[FHVVDLUUDWLRRIWKH+(9HQJLQHLVLQILQLWHGXULQJWKHHQJLQHVWRSSKDVHDIWHUHQJLQHLVWXUQHGRIILWLV
GHFHOHUDWHG WR]HURHQJLQH VSHHG VLQFH WKHHQJLQH LVQRW ILUHGDQGRQO\DLU LVSXPSHG WKURXJK WKHJDV
SDWK'XULQJ WKH8'& WKH HQJLQH LV QRW RSHUDWHG DW KLJK HQJLQH VSHHGV DQG ORDGV LQ WKH FRQYHQWLRQDO
YHKLFOHZKHUHDVWKLVLVDOVRWKHFDVHIRUWKH+(9ZLWKWKHH[FHSWLRQRIWKHVKRUWSHDNLQGXULQJWKHILUVW
QRQ]HURYHKLFOHYHORFLW\SHULRG$WORZHQJLQHVSHHGVDQGRUORDGVWKHHQJLQHWDUJHWVWREHLVRSHUDWHGDW
VWRLFKLRPHWULFFRQGLWLRQV'XH WR WKHFDSDELOLW\RI WKHPRGHO WRSUHGLFW DFWXDODLUIXHO UDWLRVGXULQJ WKH
WUDQVLHQWVDQGGXHWRWKHIDFW WKDWWKH6,HQJLQHRXWHPLVVLRQPRGHOFDSWXUHVWKHGHSHQGHQF\RIHQJLQH
RXWHPLVVLRQVRQYDU\LQJDLUIXHOUDWLRVDFWXDOWUDQVLHQWHQJLQHRXWHPLVVLRQVLQWHJUDWHGRYHUWKHF\FOH
DUHKLJKHUFRPSDUHGWRVWHDG\VWDWHHPLVVLRQVDWWKHHTXLYDOHQWHQJLQHVSHHGDQGORDGSRLQWV

  
)LJ&RPSDULVRQRID7:&LQOHWWHPSHUDWXUHEH[KDXVWJDVPDVVIORZFLQF\OLQGHUH[FHVVDLUUDWLRRIWKH6,
HQJLQHLQWKHFRQYHQWLRQDOYHKLFOHDQGLQWKH+(9&RPSDULVRQRIDFFXPXODWHGG12H+&DQGI12[HPLVVLRQV
DWWKH7:&LQOHWDQGRXWOHWIRUWKHFRQYHQWLRQDOYHKLFOHDQGWKH+(9
2QH RI WKH FKDUDFWHULVWLFV RI JDVROLQH HQJLQHV LV WKDW WKH PDVV IORZ WKURXJK WKH HQJLQH LV PDLQO\
GHWHUPLQHGE\WKHWKURWWOHSRVLWLRQDQGHQJLQHVSHHG)LJXUHE0RUHRYHUWKHH[KDXVWJDVWHPSHUDWXUH
LVVWURQJO\LQIOXHQFHGE\WKHHQJLQHORDG7KXVWKH+(9HQJLQHDVLWLVRSHUDWHGDWKLJKHUORDGSRLQWV
VHH)LJXUHFIHDWXUHVKLJKHUH[KDXVWJDVDQGFRQVHTXHQWO\KLJKHUFDWDO\VWLQOHWWHPSHUDWXUHV)LJXUH
DFRPSDUHGWRWKHFRQYHQWLRQDOYHKLFOHFRQILJXUDWLRQ1HYHUWKHOHVVWKH+(9LVFKDUDFWHUL]HGDOVRE\
SURQRXQFHGFRROLQJHIIHFWV WDNLQJSODFH LPPHGLDWHO\DIWHU WKHHQJLQHRSHUDWLRQ LV WXUQHGRII$IWHU WKH
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HQJLQH LQ WKH +(9 LV QRW ILUHG DQ\ ORQJHU LW GHFHOHUDWHG DQG FRQWLQXHV SXPSLQJ DLU 7KLV IDYRUV WKH
R[\JHQVWRUDJHLQWKH&H2
7KH DFFXPXODWHG HQJLQHRXWOHW DQG WDLOSLSHRXWOHW HPLVVLRQVRI FDUERQPRQR[LGH K\GURFDUERQV DQG
QLWULFR[LGHVDUHVKRZQLQ)LJXUHG7KHVWHSOLNHSURILOHRI WKHHQJLQHRXWOHWHPLVVLRQVRI WKH+(9
SRZHUWUDLQ LQGLFDWHVDQHQJLQH VKXWRIISKDVHZKHUHQR IXUWKHU HQJLQHHPLVVLRQVDUHDFFXPXODWHG7KH
DFFXPXODWHG HQJLQH RXWOHW HPLVVLRQV RI WKH FRQYHQWLRQDO HQJLQH GR QRW VKRZ FRPSOHWHO\ KRUL]RQWDO
SURILOHV LQGLFDWLQJ D ORZ OHYHO RI HPLVVLRQV GXULQJPRWRUHG HQJLQH RSHUDWLRQ )LJXUH  I FRQILUPV DQ
H[SHFWHGWUHQGWKDWKLJKHU12[HPLVVLRQVDUHFKDUDFWHULVWLFIRUHQJLQHRSHUDWLRQDWKLJKHUORDGVDQGWKXV
WKH+(9HQJLQHFRQILJXUDWLRQFKDUDFWHULVWLFDOO\ IHDWXUHVKLJKHUHQJLQHRXW12[HPLVVLRQVFRPSDUHG WR
WKHFRQYHQWLRQDOYHKLFOHFRQILJXUDWLRQ)XUWKHUPRUHLWFDQEHVHHQIURP)LJXUHHWKDWWKH+(9HQJLQH
JHQHUDWHVORZHUK\GURFDUERQHQJLQHRXWHPLVVLRQVZKLFKLVPDLQO\WKHFRQVHTXHQFHRIQRWRSHUDWLQJWKH
HQJLQH DW ORZ ORDGVZKHUHPRUH7+& HPLVVLRQV DUH SURGXFHG0RUH H[SODQDWLRQPLJKW EH QHHGHG RQ
KLJKHU&2HQJLQHRXWHPLVVLRQVVHH)LJXUHGRI WKHK\EULGSRZHUWUDLQ7KLV LV WKHFRQVHTXHQFHRI
YHU\XQVWHDG\HQJLQHRSHUDWLRQDWKLJKORDGZKLFKLVFDXVHGE\DQRWRSWLPL]HGK\EULGFRQWUROOHUPRGHO
'XH WR WKLV WKH +(9 6, HQJLQH LV PRUH IUHTXHQWO\ RSHUDWHG DW KLJK ORDGV DQG ULFK DLUIXHO UDWLRV
FRPSDUHGWRWKHFRQY6,HQJLQH7KLVUHVXOWVLQKLJKHU&2HQJLQHRXWHPLVVLRQVRIWKH+(96,HQJLQH
7KH SHUIRUPDQFH RI WKH 7:& LQ FRQYHUWLQJ DOO WKUHH SROOXWDQWV FDQ EH GHULYHG E\ WKH GLIIHUHQFH
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R[\JHQ VWRUDJH IXQFWLRQDOLW\ LQ WKH 7:& HQDEOHV FRQYHUVLRQ RI &2 DQG +& DOVR GXULQJ WKHVH ULFK
FRQGLWLRQV
&RQFOXVLRQV
$FRPSUHKHQVLYHPHFKDQLVWLFPRGHORID K\EULGDQGFRQYHQWLRQDOYHKLFOH LVSUHVHQWHG LQ WKHSDSHU
7KHPRGHO FRPSULVHV DOO UHOHYDQW GRPDLQVZKLFK DUH QHFHVVDU\ WR DGHTXDWHO\PRGHO SHUIRUPDQFH DQG
H[KDXVWHPLVVLRQVRIWKHYHKLFOH,WZDVKLJKOLJKWHGWKDWPHFKDQLVWLFPRGHOLQJDSSURDFKSURYLGHVDJRRG
EDVLVIRUGHYHORSPHQWDQGRSWLPL]DWLRQRIK\EULGDQGFRQYHQWLRQDOSRZHUWUDLQV7KLVLVMXVWLILHGE\DKLJK
OHYHORISUHGLFWDELOLW\DQGDGHTXDF\LQGHVFULELQJWKHLQWHUDFWLRQRIDOOGLIIHUHQWGRPDLQVGXULQJWUDQVLHQW
RSHUDWLRQ $Q DSSURSULDWH FRXSOLQJ RI WKH GRPDLQV LQ D FRPPRQ PXOWLSK\VLFV VROYHU LV DGGLWLRQDOO\
FUXFLDO WR DFKLHYH FRPSXWDWLRQDO VSHHG UHTXLUHPHQWV 8QOLNH PDQ\ VWHDG\VWDWH VXUURJDWH PRGHOV WKH
DSSOLHG PHFKDQLVWLF DSSURDFK DSSURSULDWHO\ FRYHUV WUDQVLHQW RSHUDWLQJ UHJLPHV WKDW PD\ VLJQLILFDQWO\
GHYLDWHIURPWKHVWHDG\VWDWHUHJLPHV7KHSK\VLFDOEDVHGUHDOWLPHDSSURDFKLVDOVRFDSDEOHRIUHIOHFWLQJ
FKDQJHV RI WKH KDUGZDUH FRQILJXUDWLRQ 7KH GULYH F\FOH VLPXODWLRQV RI WKH IRXU GLIIHUHQW SRZHUWUDLQV
HPSKDVL]HQRWRQO\WKHWLJKWLQWHUDFWLRQRIDOOGRPDLQVEXWDOVRWKHLQIOXHQFHRIWKHFRQWUROV\VWHP+HUH
WKHDSSURSULDWHWUDQVLHQWUHVSRQVHRI WKHSODQWPRGHOLVPDQGDWRU\WRHYDOXDWHHJ WKHUPDOPDQDJHPHQW
PHDVXUHVIRUDYRLGLQJSROOXWDQWEUHDNWKURXJKVLQWKHFDWDO\VW7KLVKLJKOLJKWVWKHDSSOLFDELOLW\RISK\VLFDO
EDVHGUHDOWLPHDSSURDFKHVLQWKHGHYHORSPHQWSURFHVVRIPRGLILHGFRQWUROVWUDWHJLHV7KHGLUHFWLPSDFW
RI FKDQJHG HQJLQH FDOLEUDWLRQV RQ HQJLQH RXWOHW DQG WDLO SLSH HPLVVLRQV DOORZV RSWLPL]LQJ WDLO SLSH
HPLVVLRQV LQ WKH OLJKW RI HQJLQH SHUIRUPDQFH DQG GULYDELOLW\ 0RUHRYHU LQ +(9 FRQILJXUDWLRQV WKH
3387 Tomaû Katraönik and Johann C. Wurzenberger /  Procedia - Social and Behavioral Sciences  48 ( 2012 )  3371 – 3388 
FRPSOH[ GHSHQGHQF\ RI HPLVVLRQV IXHO FRQVXPSWLRQ SHUIRUPDQFH DQG GULYDELOLW\ RQ DOO KDUGZDUH DQG
VRIWZDUH GRPDLQV UHTXLUHV DSSURSULDWH V\VWHP HQJLQHHULQJ PRGHOV WR VXSSRUW WKH HQWLUH GHYHORSPHQW
SURFHVV
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